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ABSTRACT. We contend there are currently two competing scenarios for the sustainable development of
shrimp aquaculture in coastal areas of Southeast Asia. First, a landscape approach, where farming techniques
for small-scale producers are integrated into intertidal areas in a way that the ecological functions of
mangroves are maintained and shrimp farming diseases are controlled. Second, a closed system approach,
where problems of disease and effluent are eliminated in closed recirculation ponds behind the intertidal
zone controlled by industrial-scale producers. We use these scenarios as two ends of a spectrum of possible
interactions at a range of scales between the ecological, social, and political dynamics that underlie the
threat to the resilience of mangrove forested coastal ecosystems. We discuss how the analytical concepts
of resilience, uncertainty, risk, and the organizing heuristic of scale can assist us to understand decision
making over shrimp production, and in doing so, explore their use in the empirical research areas of coastal
ecology, shrimp health management and epidemiology, livelihoods, and governance in response to the two
scenarios. Our conclusion focuses on a series of questions that map out a new interdisciplinary research
agenda for sustainable shrimp aquaculture in coastal areas.
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INTRODUCTION
Penaeid shrimps (Litopenaeus vannamei and
Peneaus monodon), which comprise around 80% of
total farmed shrimp production (FAO 2009), have
emerged as one of the most valuable, globally traded
aquaculture products, as well as one of the most
emotive and politically polarizing production
systems in coastal areas (Stonich and Bailey 2000,
Béné 2005, Vandergeest 2007). The enormous
growth of shrimp production from 1,600 t in 1950
to close to 4.5 million t in 2006 at a value of just
under US$18 billion (FAO 2009) has been achieved
with a concurrent reduction in mangrove area in
some countries of between 50 to 80%, leading to
considerable loss of biodiversity and coastal
ecosystem function (Valiela et al. 2001, Alongi
2002, Manson et al. 2005b). The most severe
damage coincided directly with the rapid expansion
of shrimp production during the 1990s (Primavera
1997, Hall 2004). In the 2000s overall productivity
has continued to grow, but at a lower rate, largely
due to the higher incidence of disease and, in a
number of countries, the lower productivity of
extensive farming systems (Vaiphasa et al. 2007).
The ‘boom crop’ nature of shrimp production (see
Hall 2003) has meant that the promise of high
returns on investment has gradually been tempered
by riskier returns in global markets and increasing
levels of social and ecological uncertainty and
vulnerability.
The global nature of shrimp trade has also meant
that these uncertainties and vulnerabilities emerge
at the complex intersection of changing
international market conditions, such as food safety
and quality standards, and ecological feed-back
mechanisms, such as disease incidences and
epidemics (Kautsky et al. 2000, Barbier and Cox
2004, Oosterveer 2006). Conversely, the resilience
of shrimp culture systems, broadly defined as the
capacity to maintain their integrity when responding
to external changes and feedbacks within their wider
coastal social-ecological systems (Holling 2001,
Folke 2006), is therefore codetermined by a
multitude of decisions made by producers and
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fishers in relation to economic, political, and
ecological conditions at a range of scales. How
producers make decisions related to livelihoods and
production is therefore dependent on an interrelated
set of local to global institutions, as well as by their
ability to adapt to changes in the natural resource
base of the aquatic production systems.
The specific details of the boom in shrimp
aquaculture differ considerably among countries,
but the challenges that farmers face, in terms of
production risks, have gradually converged (Lebel
et al. 2002, Hall 2004). International demand for
shrimp in international markets is unlikely to abate
as many economic forecasts predict an increase in
the consumption of shrimp in the mid to long-term
that can only be met by aquaculture. As a result of
the ‘sustainable seafood’ debates in the US and EU
(e.g., Iles 2007, Bush 2010), a shift from
confrontation to active engagement with the
industry has taken place, largely through the
development of a range of national state and global
private production standards (Béné 2005,
Vandergeest 2007). These standards have taken a
number of forms, ranging from the FAO Code of
Conduct for Responsible Aquaculture and the
Network of Aquaculture Centres in Asia-Pacific’s
(NACA) Best Management Practices, to country
specific standards, such as Thai Quality Shrimp,
retail owned quality standards, such as GlobalG.A.
P., and finally NGO-led initiatives, such as WWF’s
Shrimp Aquaculture Dialogue, which will feed into
the newly established Aquaculture Stewardship
Council (Corsin et al. 2007, WWF 2007). There is
considerable variation between the standards, but
all have the common goal of organizing the
multitude of uncertainties associated with shrimp
production into verifiable metrics that can be
translated into risk management.
We contend that the rise of the sustainable seafood
debate and global proliferation of quality standards
has led to essentially two opposing scenarios
emerging over how best to manage shrimp
production in order to ensure both social and
ecological resilience in coastal areas. The first is
that shrimp aquaculture is integrated into intertidal
landscapes so that the ecological functions of
coastal mangroves are maintained, diseases
controlled, and production kept in the hands of
poorer small-scale producers who make up the
majority of production (Fitzgerald 2002, Primavera
2006, Vandergeest 2007, Islam 2009). The second
scenario entails closing the aquaculture system to
the surrounding environment thereby eliminating
the flow of effluent and spread of disease, as well
as locating production behind the intertidal zone,
thereby avoiding alteration of estuarine and
mangrove habitats (Boyd and Clay 2002, FAO et
al. 2006, Phillips 2006). A consequence is that given
the generally high investment needed for these
systems, small-scale producers are unlikely to
participate.
The two scenarios are not mutually exclusive
alternatives but rather the ends of a spectrum of
contested ideas around current effects of and
solutions to shrimp production in coastal
ecosystems. The following first elaborates these
scenarios as an entry point from which to start
understanding the scaled interaction between the
ecological, social, and political dynamics that pose
possible threats to the resilience of mangrove
forested coastal ecosystems. We then identify key
concepts that contribute to our analytical toolkit
such as resilience, uncertainty, and risk, as well as
the organizing heuristic of scale, and explore how
they can contribute to an interdisciplinary
understanding of sustainable use and management
of coastal resources. This is followed by an
integrated assessment of the scenarios by
identifying the linkages and feedback between four
empirical social-ecological dynamics: (1) mangrove
ecosystems and estuarine fisheries, (2) shrimp
disease and pond management, (3) local livelihood
decision making, and (4) state and market
governance arrangements. Together these dynamics
and concepts help us to develop a framework for
elaborating the complex interactions between
ecological and societal processes and their influence
over governing shrimp production to either
landscape integrated or closed system approaches.
COASTAL AQUACULTURE SCENARIOS
Landscape integrated systems
Small-scale shrimp aquaculture systems are an
important source of nutrition and income for coastal
communities. A way of ensuring their sustainability
is to integrate them into the mangrove and estuarine
habitats. Silvofisheries, a form of low-input
aquaculture that integrates mangrove tree culture
with brackish water aquaculture, offers such a
scenario. Two basic models of silvofisheries exist
with mangroves either within or outside the pond
system at specific pond-mangrove area ratios; a
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variety of designs exist across Southeast Asia
(Fitzgerald 2002). All systems attempt to balance
conservation issues with optimizing economic
profitability (Primavera 2000). Hatchery reared
seed is often supplemented with low-input farming
techniques such as allowing natural recruitment of
wild juveniles through tidal flushing. Expected
benefits of landscape integrated systems include
minimization of contamination by pond effluents of
the coastal ecosystem, provision of higher quality
supply of water for shrimp farming, and the
maintenance of coastal fisheries.
In integrated forestry-fisheries-aquaculture systems,
mangroves function as biofilters for pond effluents
(Vaiphasa et al. 2007). Farm density is important so
as to not exceed the capacity of the environment to
assimilate waste flushed from the ponds during low
tide. Mangroves adjacent to intensive ponds can be
used to process nutrients from pond effluents.
Mangroves inside ponds can play a similar role, but
in addition provide shading and food for shrimps
and fish (Primavera and Esteban 2008). In landscape
integrated systems, the inflow of pathogens through
surrounding tidal water cannot be avoided. Farmers
may stock specific pathogen free (SPF) post-larvae
to reduce disease risks. Diseases may be controlled
by optimizing seasonal environmental conditions
such as temperature and salinity, next to hygiene,
nutrition, and feeding. Increased incidence of White
Spot Disease (WSD) of shrimp, a disease caused by
a virus officially known as White Spot Syndrome
Virus (WSSV; Vlak et al. 2005), is associated with
both low and high water temperature, suboptimal
salinity and pH, heavy rainfall, and presence of
carrier organisms in pond, water, or feed. On the
one hand, suboptimal conditions weaken the
immune response of shrimp, and on the other hand,
the load of viruses and other harmful bacteria
changes under influence of environmental and
management conditions (Phuoc et al. 2009,
Tendencia et al. 2009). Recent research showed that
mortality due to WSSV increases in presence of
Vibrio (Phuoc et al. 2009). Ageing pond soils
gradually become more reduced, accumulate toxic
compounds, and acidify (Avnimelech and Ritvo
2003). During culture, wastes accumulate faster
than the amount mineralized, making it necessary
to dry and oxidize the pond bottom between culture
cycles. Harrowing or ploughing of the pond bottom
accelerates this process (Beveridge et al. 1994).
As mangroves play an important role as a nursery
area for coastal fishes (Mumby et al. 2003, Manson
et al. 2005b), the integration of ponds with
mangroves in intertidal zones is seen as a means of
maintaining the productive capacity of nearby
coastal fisheries without compromising the
productivity of shrimp aquaculture. These
‘ecologically integrated’ mangrove-friendly aquaculture
technologies are amenable to small-scale, family-
based operations and are also accessible to poorer
members of coastal communities who have only
limited access to finance and are largely dependent
on open-access resources (Luttrell 2006). In
addition, dispersed trade and processing industries
absorb a large number of poor rural producers,
especially women (Islam 2009). By leaving these
producers to operate within the mangroves, their
already vulnerable livelihoods are supplemented
with potentially appropriate aquaculture technologies
that can contribute to the sustainable development
of coastal areas. Landscape integrated systems may
therefore have the potential to support coastal
ecosystem conservation while maintaining high-
income potential shrimp aquaculture for coastal
communities (Binh et al. 1997, Macintosh 1998).
The complex nature of these production systems
may require both state regulation and private
certification to develop methodologies for
monitoring and evaluating their ongoing performance.
Some efforts have been undertaken to formulate
codes of conduct and private standards governing
the area of mangrove inside and outside ponds,
health and safety requirements, and levels of
chemical pesticide use for sustainable use of
mangrove and adjacent coastal areas (e.g., ACC
2005, Bagarinao and Primavera 2005, GlobalG.A.
P. 2007). For these initiatives to be successful it is
increasingly recognized that state and private
institutions need to supplement existing customary
arrangements with microfinance and new technical
capacities and technologies. Furthermore, the
success of such initiatives is dependent on coastal
communities being rewarded through either
improved market access or price premiums for niche
organic, fair trade, or environmental friendly
products.
Closed systems
One way to minimize the negative effects of shrimp
aquaculture on coastal mangroves and wetlands is
to invest in super-intensive, closed recirculation
systems and move ponds out of the intertidal zone.
Production in these systems ranges from less than
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8,000 kg/ha to more than 20,000 kg/ha per crop
(Otoshi et al. 2009). Such high production per unit
area without water exchange presents several
advantages over conventional shrimp aquaculture,
including greater potential for mechanization, fewer
logistical problems in pond operations, and less
effluent. Closed systems also enable better control
of disease in broodstock and more efficient use of
water through effective waste water treatment
(Kongkeo 1997). Because these intensive systems
are not located in mangrove and estuarine areas,
coastal environments are maintained and the
productivity of coastal fisheries is no longer directly
influenced by shrimp farm activities.
Only very recently, intensive shrimp-culture
recirculation systems have become commercially
viable (Otoshi et al. 2006). Basic elements that
appear to be crucial to the success of these systems
include: small lined ponds, aeration, and disease
resistant strains of omnivorous shrimp species.
Some intensive systems operated in various
Southeast Asian countries also have limited water
exchange and attempts have been made to close
them to the surrounding environment, including the
influence of large temperature changes caused by
exposure to sun and rain (Kongkeo 1997). Although
closed recirculation systems are, with few
exceptions, operated as pilot operations, their higher
efficiencies have led Boyd and Clay (2002) to
suggest that if they are “ ... suitable for general
adoption by shrimp producers around the world,
[they] could provide a more environmentally
responsible method of shrimp production.”
Because of the high cost of investment required,
small-scale shrimp producers are less likely to be
able to participate, thereby significantly reducing
the proliferation of shrimp ponds built on marginal
land in intertidal mangrove forests. Producers that
are able to adopt these intensive practices could
benefit from more stable production output as a
result of improved disease, feed, and broodstock
management. At a societal level, the disruption to
existing coastal livelihoods would be offset by the
improved reliability of intensive shrimp production,
which would increase global competitiveness and
provide a source of foreign export exchange (FIAS
2006). New employment opportunities could also
arise in these farms as well as in processing
companies, while other employment could be
generated through coastal restoration programs.
Given the continued growth of the sector, these
intensive systems could lead to the improved well-
being of coastal communities by decreasing the
destructive development of extensive pond culture
in coastal areas.
By promoting closed-system production, governments
would need to reallocate agricultural land for shrimp
production and, with the assistance of companies
and NGOs, facilitate the transfer of required
aquaculture technologies and techniques. A
significant burden would be placed on governments
to relocate coastal shrimp farmers who are moved
out of shrimp production and establish alternative
livelihood programs outside of mangrove areas.
Because of the large venture capital needed and the
tendency for vertical integration in largely
transnational companies, the state’s role would be
to facilitate investment (Neiland et al. 2001).
Certification would play an increasingly important
role in restructuring the shrimp industry, rewarding
more streamlined and higher quality shrimp
production with access to lucrative European and
North American markets.
ANALYZING SOCIAL-ECOLOGICAL
SYSTEMS
The two scenarios challenge us to think about the
key dynamics that influence the sustainability of
shrimp production, but offer little analytical power
by themselves. This section discusses resilience and
the associated concepts of uncertainty, risk, and
complexity, focusing on the analytical power they
hold for understanding the potential of landscape
integrated and closed-systems for ecosystems and
livelihoods in coastal areas. Reducing the
uncertainty and risk of resource users and rebuilding
the resilience of social-ecological systems have
emerged as key normative objectives for
responsible management of coastal areas (Nicholls
and Branson 1998, Adger et al. 2001). To structure
how, where, and through whom these objectives
might be reached, the analytical heuristic of scale is
also introduced to help organize and elaborate the
complexity of coastal areas, including what might
be seen as multiple ‘resiliences’ that can be
described when zooming in from landscapes to
single units such as fishers and producers, ponds,
mangrove forests, and estuaries.
Resilience has emerged from the ecological
concepts of complexity, co-evolution, and multiple
equilibria (Odum 1975, Norgaard 1994, Holling
2001, Costanza 2003) to provide an integrative
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theory for understanding combined social-
ecological systems. The theory emerged through
recognition that more than one steady state or
equilibrium can exist in a specified system and has
led to the study of the shifts and responses to internal
and external drivers of system change (Holling
1973). The resilience perspective has led
researchers to focus on the magnitude of external
disturbances to a system that can be absorbed or
buffered without leading to fundamental changes of
its functional, human and nonhuman, characteristics
(Berkes et al. 2003). The theory is now being used
to understand the capacity of social-ecological
systems to absorb recurrent disturbances by
examining how interactions, processes, and
feedbacks inhibit or facilitate change from one
system state to another (Adger et al. 2005, Folke
2006).
The concept of resilience has evolved from the
technical and ecological sciences to engage and
incorporate social systems. Technical or ‘engineering
resilience’ focuses on the efficiency of a system to
return to a stable state. Ecologists have largely
focused on the robustness of systems to buffer
themselves from shock and disturbance or
adaptively realign themselves into different states
(Folke 2006). Social resilience has been described
as the capacity of humans, either individual or
communities, to withstand external shock from
wider economic, political, or cultural perturbations
(Adger 2000). Berkes and Folke (1998)
demonstrate, through an analysis of natural resource
management practices, that the social and the
ecological mutually constitute each other through
processes of interaction. Change is an inherent
property of this interaction from which new patterns
emerge. This two-way interaction requires a
breakdown of the distinction between the two
domains. In doing so the concept of resilience not
only highlights the effect of human activities on
ecosystems, and vice-versa, but also the memory,
learning, and purposive adaptation of social-
ecological systems that are necessary for
transformation and innovation (Walker et al. 2004).
Central to understanding the resilience of a complex
social-ecological system is the identification of the
components that enable self-organization and
adaptation in response to risk factors that force
changes in the stability or integrity of both social
and ecological systems (Folke et al. 2002, Adger et
al. 2005). Self-organization is predominantly an
ecological concept that is used, for example, to
understand how diversity, aggregation, and
endogenous formation can enhance opportunities
for a system to adapt (Levin 1998). Understanding
society in a similar way has faced resistance from
those who believe it naturalizes complex social
processes and ignores notions of risk, uncertainty,
and the agency of social actors to make decisions
(Nadasdy 2007). Decision making may therefore be
better understood, according to Lebel et al. (2006),
as the capacity to cope with uncertainty, the
openness to learning, the acceptance of the
inevitability of change, and the ability to treat any
intervention as experimentation or ‘adaptive
management’. The challenge then becomes to
institutionalize the ‘adaptive capacity’ within a
social-ecological system by supporting collaboration,
pluralism, and linkages between multiple types of
stakeholders, diversity of interests represented,
multiple perspectives on the problem domain, and
connections across multiple scales and levels
(Armitage et al 2008). Resilient systems are
therefore not only those which have the capacity to
maintain their functional interactions, but rather
those that have the ability to adapt to external change
and evolve through learning. Conversely systems
unable to maintain functional interactions and a
poor capacity for institutionalized learning may
have very little capacity to respond to external
pressure.
The resilience of a system is closely related to the
temporal and spatial scale at which it is defined.
Although socially constructed and relational, i.e.,
dependent on human observation (Howitt 1998), the
choice of scale provides observers a framework with
which to order the temporal and spatial
characteristics of a system, including its’ self-
organizing or institutionalized adaptive capacities.
Furthermore, the scales of organization within a
system define the relationships between the parts
that constitute and distinguish the whole (Cash and
Moser 2001). For example, to distinguish between
various interacting processes, observational units
for the transmission of WSSV are defined between
shrimp in ponds, between shrimp ponds in a coastal
area, and as an epidemic across regions such as
Southeast Asia. Each scale has its own constituent
level of resilience against infection. Observations
at one scale find their explanation in processes at
smaller scales, yet are contained in and constrained
by processes at higher levels within coastal social-
ecological landscapes and beyond to global
processes (Armitage and Johnson 2006). Recognizing
the possibility of multiple ‘resiliencies’ at a range
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of temporal and spatial scales enables us to
distinguish sets of internal and external social and
ecological factors influencing shrimp aquaculture
development in coastal environments.
Understanding self-organization and adaptation to
pressures emanating from interdependent scales is
a useful framework for understanding complex
social-ecological systems, but only provides a
partial view when analyzing processes of change.
The landscape and closed system scenarios are by
definition normative, i.e., based on the agency of
competing values and claims of relevant actors.
Understanding ecosystem change in its wider spatial
and temporal context therefore requires understanding
how individual and collective decisions are made in
response to decisions about uncertainty and risk.
Single events of change can then be understood with
reference to the level from which it originates and
the scale at which it operates. In order to understand
and predict local changes in coastal fish or shrimp
communities it is therefore necessary to understand
the source of these risks, how they are
communicated through social, economic, cultural,
and political networks, how they influence decision
making, and finally, what influence they have over
the resilience of social-ecological systems.
SHRIMP AQUACULTURE AS A COMPLEX
SOCIAL-ECOLOGICAL SYSTEM
We will now turn to a discussion of the landscape
integrated closed aquaculture system scenarios as
complex social-ecological systems. Resilience,
uncertainty, and risk are used to understand these
two scenarios with respect to (1) the interaction
between coastal landscapes and shrimp farming,
and (2) the management of shrimp disease; and
social processes of decision making in the context
of (3) coastal livelihoods, and (4) governance.
1. Shrimp farming as a landscape forming
practice
Four observations are often reiterated and illustrated
in the general and scientific literature on the use of
mangrove ecosystems by shrimp aquaculture: (1)
pond systems remove mangrove forests and with
that impact, populations of marine and estuarine
organisms; (2) water pollution from ponds
negatively effects adjacent mangrove ecosystems;
(3) shrimp farming depends on wild stocks of gravid
females; and (4) the increased incidence of WSD
has led to the abandonment and extension of ponds
in new mangrove areas. However, these
observations give limited guidance to whether and
at what scale shrimp farming can be successfully
integrated to maintain ecological functions in
mangrove forest landscapes. Correlations over large
scales suggest ecological patterns of linkages
between mangroves and coastal benthic and pelagic
systems, while detailed knowledge of ecological
processes is available for some parts of the
mangrove ecosystem, in particular the benthic
habitats of the forests. However, the ability to scale
down processes established at large scales or scale
up patterns observed at small scales through these
ecological studies to the scale of landscapes is
tenuous at best and the strength and spatial scale of
the linkages between mangroves with coastal
ecosystems is largely unresolved. This is
problematic as it is at the landscape scale that
decisions are to be made on the integration of shrimp
farming in coastal ecosystems.
Mangrove conversion for shrimp culture represents
a trade-off with coastal fisheries production as
mangrove forests are considered critical nursery
habitats for the juvenile stages of commercially
important species of fish and invertebrates. At large
spatial scales (>100-1000 km) linkages between
mangrove extent and coastal fisheries production
for penaeid shrimp have been detected through
correlative approaches (Manson et al. 2005a,
Manson et al. 2005b). However, there is little
reliable empirical evidence that a reduction in the
functions of mangrove ecosystems results in lower
coastal fisheries production (Mumby et al. 2003).
Reliable predictions of the implications of habitat
loss or degradation on animal populations and
fisheries production at smaller spatial scales (<100
km – estuarine catchments) are difficult because of
the current limited understanding of habitat
connectivity within coastal landscapes (van
Zwieten et al. 2006). As fish use multiple habitats
in the coastal zone, the loss or degradation of one
type of habitat is likely to influence the value of the
others. Therefore, size, location, and connectivity
of habitats that support fish resources are important
elements in considering the relationship with
production and recruitment to fisheries.
Tides, waves, and currents, as well as the spatial and
temporal dimensions of disturbance, all play a role
in the extent to which estuarine areas can
rehabilitate. Undisturbed estuaries have large areas
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with oxidized sediments, whereas ponds in the same
areas always have reduced sediments with
considerably altered benthic communities. The
combination of these changes means that abandoned
ponds are rarely taken back into production again,
regardless of farming strategies such as fallowing.
Although there is evidence that within 12 years after
rehabilitation with a single mangrove tree species
benthic communities are able to return to states
indistinguishable from natural forest reserves
(Macintosh et al. 2002), there has been limited
experience with soil rehabilitation over larger scales
and shorter time periods. A range of questions
remain about the relationship between shrimp
aquaculture, tidal flows, benthic communities, and
the resilience of soils to regenerate. These include:
the effect of closing off an estuarine soil from tides
and waves for shrimp culture on benthic
communities; the effects of farm management on
the structure and development of benthic
communities both within and outside ponds; the
feedbacks from the benthic community to the
estuarine soil and forests through burrowing,
recycling, and filtering; and an understanding of the
temporal and spatial scale of the reversibility of
effects.
Mangrove ecosystems can fulfill their key role in
shrimp farming and as coastal nurseries for fisheries
even when large parts of the forest have disappeared.
For instance, Loneragan et al. (2005) describe stable
landings of shrimp in areas of Malaysia where
mangrove had been maintained as well as increases
in landings in adjacent areas of degraded
mangroves, perhaps because of migration of prawns
from adjacent areas. Thus at a larger scale, the
mangrove ecosystem can be viewed as being built
up from subsystems or areas that ‘switch’ between
alternative states of degraded soils with no trees to
forested land with stable ecosystem functions. At a
lower spatial scale these components are merely
adjacent to each other. At the higher scale the spatial
arrangements of the components within the system
becomes important. Indeed, the spatial arrangement
and the total area covered by shrimp ponds affect
the key role mangroves have in supporting the
shrimp industries and the local fisheries. In fact, low
levels of fragmentation might even increase fish
catches (Hindell and Jenkins 2005), indicating that
a spatially explicit analysis is required before
prediction can be made (Eggleton et al. 2004,
Pittman et al. 2004). The spatial configuration and
the extent of the different components of the
ecosystem are thus important attributes in analyzing
the ecological resilience of coastal marine
communities at various scales in a landscape
integrated mangrove forest-shrimp farming system.
In the closed system scenario, the mangrove
ecosystem gets taken out of the equation. Linkages
between shrimp farming and coastal ecology will
still exist but at a distance from the actual production
system, as for instance: the fisheries for gravid
females; the possibilities for crustacean diseases to
enter the culture system from the wild and the fish
meal required for shrimp feed. However, when the
reproductive cycle of shrimp gets closed and
genetically modified disease resistant strains of
shrimp are developed, the first two linkages will
disappear.
2. Disease management of shrimp production
systems
The resilience of a production system is dependent
on the ability of a producer to reduce a system’s
exposure to disease vectors and to manage
environmental factors so that the capacity of the
shrimp to co-exist with the pathogen is maximized.
Broader environmental conditions such as
temperature, dissolved oxygen, salinity, soil
condition, influence vulnerability to diseases both
as stress factors for shrimp, reducing its defense
mechanisms, and as determinants of virulence and
transmission of pathogens (Lightner et al. 1998).
Evidence indicates that populations of wild
organisms such as crustaceans, insect larvae,
copepods, and polychaetes in tropical coastal areas
act as a reservoir for infectious diseases (Flegel
2006). Given the high motility of these wild
populations they may also act as an effective vector
of the disease between ponds and also between
unconnected coastal areas. The resilience of
production systems is therefore dependent on: (1)
the isolation of a system from a disease, (2) its
internal resistance once it has been infected, and (3)
secondary risks associated with management
measures to decrease their vulnerability. In case of
WSSV, this also requires further details on the
etiology of the disease, the effect it has on
production, as well as the specificity of the tests to
detect it to define resilience.
The total exclusion of pathogens is technically
difficult and expensive, and though closure reduces
the risk of infection it does not mean the system has
a higher resilience to catastrophic change should a
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pathogen enter. As known from a range of intensive
systems, including pigs and poultry, the internal
capacity or ‘self-organization’ to respond to
diseases is small and infection with a pathogen can
lead to catastrophic mortality. Conversely, open
production systems, in which shrimp are
continuously exposed to a diversity of organisms,
may have a higher capacity to adapt to the stress
from diseases, reducing the probability of complete
stock loss, though the evidence for the rescue effect
of diversity is small (Suzan et al. 2006, 2008).
However, in dense cultivation areas this potential
tolerance is offset by the higher risk of direct
transmission through wild populations of
macroinvertebrates, soil, or water exchange.
Soil structure in ponds is an important
environmental factor affecting shrimp health as
shrimp live in sediments during a large part of their
life-cycle. As in agriculture, pond soils can be
partially managed through water exchange, mixed
cropping, fallowing, harrowing, drying, and
sediment removal. However, over time all
aquaculture ponds accumulate sediments in the
form of a flocculent layer of varying thickness that
can be considered as a microbiological laboratory
with an oxygen gradient that is more or less fully
oxidized at the top and highly reduced at the bottom.
Shrimp health and resistance to pathogens seems
highly dependent to changes in this flocculent layer,
in particular the main cultured species Macrobrachium
rosenbergii, Litopenaeus vannamei, and Penaeus
monodon. Each of these species exhibits specific
behavior and tolerance to adverse water quality in
relation to the flocculent layer. Although difficult
to standardize measurements to assess effects on
shrimp health and productivity, it appears that
shrimp avoid low oxygen areas requiring measures
to reduce sediment development (Meijer and
Avnimelech 1999). Disease risks can be further
reduced by appropriate soil management measures
between harvests when ponds are emptied of water
(Yu et al. 2006).
Risk management relates to both the producers’
knowledge about aspects of a production system
that are likely to increase the exposure to infection,
and the cost and benefits of management in order to
prevent a disease outbreak. Maintaining soils,
choosing temperature to stock and harvest, and
understanding the seasonal nature of the incidence
of pathogens in the wild populations of mobile
organisms such as crabs, macroinvertebrates, and
wild shrimp, are some of the management aspects.
Closed systems may be less vulnerable to infection,
but the probability of infection has to be weighed
against the cost of isolation, i.e., adequate
management systems are in place to ensure disease
free broodstock and water exchange is biosecure.
Without these the biosecurity of the closed system
is nonexistent.
In comparison, open systems are relatively low cost
and the relative availability of land in mangrove
areas gives more opportunity to producers to simply
extend the area of production once their ponds are
infected. However, this has lead to the exponential
increase of pathogens in the surrounding waters and
wild crustacean populations leading to extensive
clearing of mangroves to maintain production.
Decisions over disease management also lead to
considerable economic risk as evidenced by the
US$4-6 billion loss of Penaeus monodon through
Asian countries between 1992 and 2001 (Lightner
2005). International pressure for food quality and
safety coupled with poor management decisions
increased the risks associated with shrimp farming.
To combat the increased prevalence of disease,
producers increased their use of antibiotics. Poor
application of these chemicals has led to the higher
resistance of pathogens as well as higher
concentrations of residual chemicals in exported
shrimp. As many of these chemicals are restricted
substances in the EU and US, producers have found
themselves excluded from lucrative global markets
(Bush and Oosterveer 2007). The scale and locality
of risk in shrimp farming is therefore linked from
local to global scales. The application of chemical
substances may reduce the risks associated with
diseases, but if unmanaged, may also increase
producer’s vulnerability to market regulation.
3. Decision making under uncertainty
The resilience of a household, i.e., its ability to
maintain a viable livelihood, is comprised of a
complex portfolio of assets and income streams, the
continuation of which is subject to the capacity to
make decisions under uncertainties associated with
changing weather patterns, the risk of disease,
market prices, and political change. At the same
time, the resilience of the mangrove areas, on which
the household depends, may be characterized by
complex interactions within and between mangrove
forests, estuaries, and coastal zones which are
characterized by a high uncertainty from natural
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variation. Within such social-ecological systems
decision making is an iterative process in which
producers and other actors constantly adjust their
livelihoods to changing conditions based on the
assessment and reassessment of the stocks of assets
and capabilities at their disposal, given
environmental conditions (Marschke and Sinclair
2009). Before understanding the effectiveness of
governance mechanisms to steer towards open or
closed production systems, livelihoods need to be
understood in the context of how decisions deal with
risk under conditions of uncertainty.
Analyzing these iterative decision making
processes under conditions of uncertainty moves
beyond linear livelihood diversification models to
focus on ‘pathways’ of decision making. Rather
than measuring the success or failure of a livelihood
relative to a predefined goal, these pathways
comprise a series of iterative decision events based
on external influences and environmental context
(De Bruijn and Van Dijk 2004). Livelihoods are
therefore understood in the context of external
driving forces that determine the risk associated
with acquiring adequate access and control over
assets and capabilities. These external events may
be environmental, such as local flood events or
disease outbreaks, or social, such as changing
dynamics with local credit and kinship relations or
global market fluctuations (Marschke and Berkes
2006). Normative strategies such as diversification
should be understood in terms of the wider context
in which they can be fulfilled. Whether a producer
can develop a successful closed or landscape
integrated aquaculture system is therefore
dependent on the wider context within which
capacities and assets are operationalized.
In open landscape integrated systems the
uncertainties of producers are largely based on
daily, seasonal, and longer term environmental
variability and local and domestic market
fluctuations. To adapt to these external risks,
producers make iterative decisions on how to use
and adapt their capabilities and assets to change their
aquaculture practices, diversify to other off-farm
activities, or exit production all together. In doing
so producers are able to offset the risks associated
with shrimp production with gains in alternative
activities. Shrimp producers across Southeast Asia
who are successful with as few as one in eight shrimp
crops, because of disease and market fluctuations,
often avoid bankruptcy by offsetting these losses
with income streams from alternative on and off-
farm sources (Luttrell 2006, Hue and Scott 2008).
The challenge is to identify the external social and
environmental factors that enable or constrain
producers and, given their endowment of assets and
capabilities, understand how they avoid the risk of
failure by making either pre-emptive or reactive
decisions over production.
If producers are unable to develop a pre-emptive
strategy, they are less able to either resist
unfavorable change, mould events to minimize their
exposure to change, or innovate ex post to take
advantage of changed circumstances. Open
landscape integrated farms, assuming they are
small-scale and local in origin, may adapt under
these circumstances through a range of coping
strategies including communal mechanisms of
insurance through social and familial support
networks to mitigate risk and loss (Adger et al. 2005,
Marschke and Berkes 2006, Bodin and Crona 2008).
A more extreme response may be the decision to
exit from farming and/or migrate for labor
opportunities. If the catastrophic change in shrimp
farming is due to disease outbreaks or acidified soils,
then producers may decide to access new mangrove
areas, so beginning the cyclical process of social-
ecological destruction so strongly associated with
shrimp aquaculture in Southeast Asia. In
comparison, closed-system farmers, assuming their
farms are larger in scale and that they are unable to
extend to new areas because of cost, may decide to
close down their operations and shift their capital
into new industries. Alternatively, assuming they
are larger and/or wealthier, they may decide on a
strategy of innovation to provide a pre-emptive and
purposeful transformation to more secure
production, or more desirable market advantages
with higher returns.
As the level of production increases and their access
to national, regional, and global markets improves,
producers have considerable incentive to intensify.
However, in doing so they must consolidate their
time, effort, and financial resources, thereby
reducing the diversity of their livelihood portfolios.
Shrimp producers in Thailand who followed this
path in the 1990s benefited with income streams of
up to 15 to 16 times higher than their former
diversified rice-based livelihoods (Flaherty et al.
1999, Flaherty et al. 2000). These systems may be
less vulnerable to disease and environmental
perturbation than landscape integrated systems if
they can be successfully isolated. But the higher
investment required for closed systems, their
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increased dependence on external inputs through
international markets, and the vagaries of
intensification exposes them to new risks. Recent
examples include the billions of dollars lost as a
result of WSD in the last decade and the volatility
of export markets (Lightner 2005, Loc 2006).
Governing shrimp production in order to steer
producers toward either closed or open systems
therefore requires an understanding of the external
driving forces, both environmental and social, that
set producers on specific decision making pathways
and the implications these pathways have for the
broader resilience of coastal social-ecological
systems.
4. Steering toward resilience
Effective governance arrangements face the
challenge of promoting resilient forms of shrimp
production by facilitating producers to develop the
capacity for both timely and adaptive responses that
enable them to respond to external drivers of change.
As state policy and legislation is less able to adapt
to rapidly changing demand from global markets,
shrimp production practice has expanded beyond
the rate at which coastal ecosystems can maintain
either social or ecological resilience (Armitage and
Johnson 2006). Likewise, local natural resource
management institutions, which have evolved
through the long-term engagement of coastal
communities, have also been eroded by rapid market
integration or captured by political elites (Stonich
and Bailey 2000, Hall 2004, Islam 2009). The two
scenarios posited in this paper face considerably
different challenges. However, steering towards
either an open or closed system requires new ways
of (re)engaging state, community, and market-
based institutions that have often until now
supported the expansion and widely perceived
mismanagement of coastal environments.
In recent years there has been a proliferation of new
governance arrangements focused on the definition
and enforcement of shrimp quality standards.
Recent reviews of the various initiatives on offer
reveal more than 30 sets of standards with varying
objectives ranging from fair trade to organic and
sustainable production (Corsin et al. 2007, WWF
2007). Most of the standards are combinations of
state, such as Thai Quality Shrimp (see Oosterveer
2006), multilateral, such as The Consortium (see
FAO et al. 2006), and nongovernmental
organizations, such as the WWF Aquaculture
Dialogues (see WWF 2007). Likewise their
enforcement has shifted sole responsibility for
legitimacy away from the state to include private
and NGO-based boards, review panels, and
certification bodies. As these new governance
arrangements become more common, the challenge
for research is to determine how quality standards
can be flexible enough to deal with the range of
uncertainties producers face, while at the same time
providing an equitable but rigorous steering
mechanism toward sustainable production.
The system of provision for shrimp across the globe
is set to change in response to the decision by large
retailers in Europe to sell only environmentally
certified seafood in their shops by 2012. This
transforms sustainability-based quality standards
from what is until now largely a voluntary labeling
initiative to a system that has the potential to
transform the shrimp industry. What implications
this holds for producers is as yet unclear. Until now
the majority of quality standards have been
successful in countries with traceable, information-
rich production systems. However, less success has
been met in countries where producers have poorer
capacity for compliance and the cost of certification
is prohibitive (Klooster 2005, Guthman 2007, Islam
2008). Efficient systems for governing food safety
and product related quality are already in place, but
these extend predominantly to processing
companies. It is highly likely that shifting regulation
from the factory to the farm will require engaging,
and in many cases redefining, the social and
economic relations of production which determine
the adaptive capacity of producers.
As environmental and social standards are adopted
throughout the shrimp industry, a range of new
capabilities will be required by producers to
maintain market access. However, given the
experiences of other sectors, such as forestry
(Klooster 2005), it is unlikely that small-scale
producers will be able to meet these requirements
without more participatory implementation,
monitoring, and evaluation. In landscape integrated
systems, area-based certification methodologies
may prove more effective to reduce the cost and
more adequately account for the ecological
interactions with surrounding coastal habitats.
Managing the risk of these aquaculture systems
requires new methodologies for including the
uncertainty of environmental monitoring evaluation
(Power 2007), including what are coming to be
known as social or ‘risk based’ auditing methods.
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To increase compliance, these methodologies may
seek better interaction with existing communal
resource management arrangements that govern
access to coastal resources such as water, tidal
flows, and wild seed (Vandergeest 2007). In closed
systems, environmental standards are likely to be
more effective given their internally controlled and
monitored production. Existing social standards
based on UN and International Labour Organization
conventions would remain adequate enough to
cover the conditions of employees. However, more
attention is needed to determine whether and how
standards could evaluate grievances between
surrounding communities over issues such as access
to coastal resources.
In order to develop governance arrangements that
can effectively steer producers to either closed or
open systems we need to understand how producers,
as well as market and state actors, respond to
external drivers of change. Compared to the
territorial and somewhat fossilized nature of state
regulation, state and private quality standards have
potential to provide timely response to rapidly
expanding international markets and decisions of
producers as they adapt to changing social,
environmental, and economic circumstances.
However, it is yet to be seen whether certification
developed through lengthy deliberations with
stakeholders, as currently seen with the WWF
aquaculture dialogues (see Boyd et al. 2005), will
be adaptive and inclusive enough over time. To
effectively steer producers toward either closed or
landscape integrated systems we need to better
understand the interaction between state, market,
and community based governance mechanisms,
from local to global scales, to determine what
combinations best foster resilience of coastal social-
ecological systems.
CONCLUSION: AN EMERGING
RESEARCH AGENDA
The closed and landscape integrated scenarios
provide a polar dichotomy that represent competing
visions of rebuilding resilient tropical coastal
environments. There are no definitive answers to
whether either of them is better, nor can it be clearly
outlined in general which scenario is more
achievable or what the steps are toward achieving
transitions to more resilient farming and use of
coastal resources. Instead, there is likely to be a
range of systems along a spectrum between these
two poles that are more sustainable than current
systems. This paper has elaborated the complexity
of shrimp production systems and the requirements
of rebuilding social-ecological resilience in coastal
areas. The first challenge is to understand the
complexities and uncertainties of these systems to
coordinate decision making at farm, community,
and regional scales to mitigate existing and potential
effects. The second challenge is to ensure that any
governance mechanism that seeks to coordinate
these decisions are able to provide strategic
simplifications that adequately translate and
communicate the interlinkages between the
resilience of ponds, coastal ecosystems, and the
communities that exploit them.
To address these challenges we now turn to the
implications the two scenarios hold for various
disciplinary approaches and outline a set of key
questions for ongoing research. In short, we ask how
research in ecology, epidemiology, and shrimp farm
management, livelihoods and global markets can
contribute to our understanding of how to rebuild
coastal shrimp aquaculture as a resilient social-
ecological system in the context of decision making
at all levels of governance.
Ecosystem health and fishery productivity in coastal
waters are dependent on functioning coastal
mangrove forest. Based on our current
understanding it is not clear whether open landscape
integrated shrimp farming can have a positive or
neutral effect on biodiversity and the productive
functions of the coastal zone. Failure to detect and
respond to effects may be because of a lack of
capacity to engage with and understand the
perceptions of stakeholders and/or the inherent
difficulties in detecting effects and attributing
changes on coastal fish communities to multiple
causes (Van Densen 2001, van Zwieten et al. 2006).
A central question is at what scale and extent can
shrimp farming be successfully integrated in
mangrove ecosystems without affecting the
production function of ponds and surrounding
biodiversity? What indicators as well as reference
and target levels can be developed for this? From a
biodiversity perspective a negative effect may be
tolerated if effects do not change the adaptive
capacity of the mangrove ecosystems to maintain
the resilience of coastal environments and their
associated productive capacity. Alternatively, the
most effective means of ensuring the ecological
functions of mangrove areas is to develop closed
systems outside mangrove areas.
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The diversity of open landscape integrated systems,
although not mitigating uncertainty, may be more
likely to advance both the social and ecological
capacity for self-organization and increased disease
resilience, though it is unlikely that WSD will be
contained within these approaches to aquaculture
development. Fostering internal self-organization
in these systems, however, often requires drastic
changes through a process in production practices.
This may come at a cost to short-term income and
therefore stay out of reach of a large proportion of
producers. Still, the question remains why the
practice of silvofisheries, landscape integrated
shrimp farming, is not widespread in Southeast Asia
and mangroves continue to be lost (Tong et al.
2004). Alternatively, questions also remain as to
whether closed systems offer a possible avenue for
disease resilient shrimp production. These systems
may be better protected from pathogens, but also
highly engineered systems are never fail-safe and
lead to an ever increasing need for external
intervention, e.g., screening of seeds, certification
of hatcheries, that increases complexity and
vulnerability. Investing in this form of production
may force further investment in engineered
solutions and complex maintenance systems to
keep-up the security and resilience of the system.
The resilience of producer’s livelihoods is
dependent on their capacity to make decisions in
response to external forces. Coastal areas inhabited
by shrimp ponds are in flux, based on the
compounded factors of disease, changes in
ecological function, and fluctuation in trade. Given
this, questions remain as to whether producers are
able to meet the increasingly complex demands set
out for integrated sustainable shrimp production
after the mangrove areas have deteriorated by their
production system. This requires asking what the
internal and external factors are that would drive
producers to: (1) develop alternative aquaculture
systems that are ecologically, financially, and
socially sound; (2) diversify production into new
areas; or (3) seek employment in intensive farms
located outside of mangrove areas.
The international nature of the shrimp trade and the
perceived failure of governments to deal adequately
with the negative social and environmental effects
of shrimp production have led to new forms of
governance. As governance shifts from local to
global and from the state to the market, it is
increasingly important to develop governance
arrangements that can adequately deal with the
drivers of change in complex systems and promote
environmentally and socially desirable outcomes.
How effective new governance arrangements such
as state and private quality standards can be depends
on the degree to which they can steer producers to
new forms of production. Research therefore needs
to focus on the extent to which emerging governance
arrangements can translate the complexity of social-
ecological systems outlined above into standards or
regulations that can foster the producers to amend
or change their practices. This means we need to
better understand what practices need to be changed,
but also who is more likely to develop the necessary
skills needed to gain and maintain access to
international markets: small-scale landscape
integrated farmers or industrial-scale closed system
producers? Is there an inherent bias for intensive
production systems over extensive systems? If so,
what new roles should state and private sector actors
fill in terms of extension and enforcement? Asking
such questions might even lead us to ask whether it
is possible to promote social and ecological
resilience without difficult trade-offs.
Responses to this article can be read online at:
http://www.ecologyandsociety.org/vol15/iss2/art15/
responses/
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